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S U M M A R Y  

by I(. C, Stankevich 

The resu l t s  are described of an experimental i nves t iga t ion  of 
radiowave absorption i n  the  atmosphere i n  centimeter and decimeter bands . 
The values  are derived f o r  the absorption c o e f f i c i e n t s  i n  these  frequen- 
c i e s  and the  e f f e c t i v e  height  of the  absorbing atmosphere. Cer ta in  ques- 
t i o n s  of theory are also reviewed. 

8 * *  

The absorption of centimeter and decimeter radiowaves i n  the atmo- 

sphere takes place a t  the expense of absorption i n  molecular oxygen and it 
has a nonresonance character  . 

The theory of t h i s  pheaomenon w a s  given by Van Vleck [l].i,;easure- 

ments of absorpt ion i n  the atmosphere by radioastronomical methods i n  the 

centimeter band have shown a good agreement with the  r e s u l t s  f o r c a s t  by 

theory, which subsequently served as a b a s i s  f o r  the  determination of the  

absorption coe f f i c i en t  by Van Vleck formulas i n  any wavelength [2].However, 

research ca r r i ed  out  i n  1962 i n  the  longwave p a r t  of the decimeter band i n  
the 25- 60 ern wavelength range c33 has shown a sharp departure  between 

the experimental values  and those compted by the Van Vleck theory. 

. 

This served as t he  bas i s  fo r  r ev i s ing  t h e  theory,  and i t  w a s  i s ce r -  

ta ined as a r e s u l t  t k t  the  f o r n a l  i n t r n h c t i o n  by Van Vleck of nonresonmce 

absorption is not j u s t i f i e d  and the nomesonanoe absorption mechanism can- 

not be of r e l axa t iona l  type. It w a 8  found t o  be poss ib le  t o  explain the  
-~ 
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observed &sorpt ion  with the  aid o€ the s p i n - ~ p h  in,terac+-ion of o q g e z  

molecules at time of c o l l i s i o n s  c43. Further  ca l cu la t ions  based upon t he  

mechanism proposed are conducted in the  present  work. 
In order  t o  c l a r i f y  the e n t i r e  p i c t u r e  of absorption i n  decimeter 

and centimeter band6 d e t a i l e d  measurements of absorption were conducted 

with t h e  a i d  of a s i n g l e  nethod, of which t h e  r e s u l t s  are expounded below. 

It should be noted also t h a t  t h e  conducting of radioastronomical measure- 

ments with the  a i d  of a s i n g l e  method has  become necessary in conllection 

with the  development of antenna c a l i b r a t i o n  methods developed l a t e l y  [S J ; 
t h i s  l e d  t o  the  reconsiderat ion of the  here toforeava i lab le  data,  for example 

in C63. 
%en computing t h e  absorption c o e f f i c i e n t  o r  the  t o t a l  absorpt ion 

on the b a s i s  of data  obtained by radioastronomical methods, the  admitted 

value of t h e  e f f e c t i v e  he ight  of t h e  absorbing atmosphere plays a substan- 

t i a l  ro le .  No experimental measurements of the  e f f e c t i v e  absorption height  

were ava i l ab le  to-date and its value w a s  chosen on the b a s i s  of var ious 

t h e o r e t i c a l  reasons.  This  l e d  t o  t h e  a s s u b t i o n  t h a t  t he  value of Heff 
s tood between 5 bm r.73 znd 11 lm [8], and i t  h a q e r e d  the comparison of 
e:-perimental da t a  obtained by various authors.  

This  is why we s h a l l  begin t h e  considerat ion of absorption by d is -  

cussing the  r e e u l t s  of measurements of the e f f e c t i v e  height  of the absorb- 

i n p  atmosphere. 

The atmosphere radioemission temperature i n  a given d i r ec t ion  is 
determined by a t r a n s f e r  equation; i n  case of p l ane - s t r a t i f i ed  atnosThere 

and plzne e a r t h  i ts  so lu t ion  may be wr i t t en  i n  the form E61 

W) 
3" - %(h)d l  

T (9) = \ x (h)  T (k) e dl ( I  = It cosec 9) , (1) 
0 

where Ip is the  m ~ l c  of the s i te  of observation d i r ec t ion ;  K ( h )  is the  

absorption c o e f f i c i e n t ;  T (h) is the k i n e t i c  temperature of the atmosphere. 

The form of the function T (h)  may be obts incd by apfroximating the  

exysrimental da t a  on temperature d i s t r i b u t i o n  i n  t h e  atsosphere [9]; 



3. 

i t  may be admitted t h a t  we have t o  he i sh t s  h = 15km 
T = I p s -  6,5h 

and i n  the  15 t o  50kmrange 
T = To - 97,5 + 2,4h. 

I n  the  following we s h a l l  consider the absorption i n  o-xycan. The 

dependence of the  absorption coef f ic ien t  on height  will be t&er, i n  the form 

( 5 )  x = w - h l H .  

where 3 is the  e f f e c t i v e  height. Inasnuch as t he  v s r i a t i o n  of a5sorption 

is d e t e r ~ n e d  by teiiiperature and pressure, the  value of t he  e f f e c t i v e  he ight  

w i l l  be d i f f e r e n t  for heights  below and above 15 km. IJe may assume for the  

es t imates  H1 = Jtkm and H2 = 2.3km, which w i l l  be j u s t i f i e d  below (19). 
If H*/sincp<l, :-r!.-ich is always f u l f i l l e d  a t  the  above ase7Jt?ptions 

i r  the cer.tiaet.tr ar ,G decimeter bands, the  i n t e p a t i o n  of (1) is c n s i l y  

Derformed : 
XOB 
sin cp sin cp 

sin cp sin cp 

T,(cp) = (TO - 6.58) -( 1 - 

- ( T ~  - 97,s - 6,511) -()I xoar -e )+51H. 

Est iaa tes  show t h a t  the second term of the  expression (5) conct i$utes  a t  

H < 5 lcm no more t h e n  3 76, while the accounting of absorption above l51rn 

r ives  a cor rec t ion  of the  order of 0.1$. 
It xncy be seen from the expression ( 5 )  t h a t  when measuring the absorp- 

t i o n  by rcdiosstronomical methods i t  i s  possible  t o  determine the absorption 

coe f f i c i en t  o r  t h e t o t a l  absorption i n  the d i r ec t ion  of the  zeni th  S H ,  provi- 
ded the e f f e c t i v e  height  is known. No d i r e c t  measurer!ents of Heff were made 

to-r',ate, s o  t h a t  when es t imat ing  the absorat ion,comuted values of Heffby 

the V a n  Vleck theory, u t i l i z i n g  the  s tandard atmosphere model, were genernlly 

used i n  the n s t i o n a l  l i t e r a t u r e ;  then Heff  = 5.3 km [l]. 

For the t rue  d i s t r i 5 u t i o n s  of pressure and temperature s i m i l a r  cal- 
cu la t ions  were conducted i n  c123; t h i s  allowed t o  a sce r t a in  t h a t  Heff = 5 2  
2 0.2 km. i n  swmer t ine  and H,ff = 3.9 2 0.4 I-m i n  wintertime, thus under- 

roing s t rong  seasonal var ia t ions ,  proport ional  t o  those of the temperature ; 



4. 

they may be apyroximated by the following expression : 

Meaeuring the absorption a t  var ious he ights  above sea l eve l ,  i t  

According t o  (11, the  ternberatwe of atmosbhere ra5ioemission at  
is poss ib le  t o  determine the  e f f ec t ive  he ight  experimentally, 

t h e  a l t i t u d e  h above the sea l e v e l  fs 

A t  E <5 kr, h -3  kn, t he  second t e r m  in the  expression (7) gives 

a cor rec t ion  of the  order of 5%:. Pcjeatin;; the second terms i n  (5) and (7), 
w e  f i n d  t h a t  when measuring &t different a l t i t u d e s ,  the value of the  e f f ec t -  

i v e  height  canbe  found ~ 5 %  ii jircscision 02' the order of 5 : J  with the z i d  

of the  follotrinf:  t ranscendental  equation : 

Zor the e - 7 e r i z e n t a l  de termination of Heff neasurements of the  

absorption w e r e  conducted i n  the wavelength A =  10 cm f o r  two hei<yhts by 

rad ioas t rononica l  methods : a t  h = 3.2 kn and a t  sea l eve l .  

A t  3.2 km t i l t i tude and air teriperzture Th = 10' C ,  the etmosphere 

rndioeniss ion te. ,perature i n  t h e  d i rec t ion  o€ the zeni th  is 

and a t  sea l e v e l  f o r  air te:.?erature To = 20° C, T,* (90') = 3 . 5 O K .  Substi-  

t u t i n g  these  da ta  i n  the cquntion ( 2 )  and t<?kinr: i n t o  account the  dependence 

of the e f f e c t i v e  height  on ter,pernture, we slid1 obtain,  according t o  ( 6 ) ,  
the  value of the  e f f e c t i v e  temperature:  H e f f =  4 km, 

3.2 cm and i n  the 25- 60cmbcnd, obtained as a r e s u l t  of teaperature  measu- 

rements of atmosphere's proper ra?ioemission, were brouFht out  i n  the works 

[3,10,11]. Yhese values of t o t a l  absorntion must be subjec t  t o  cor rec t ion  

nccorf'ine t o  theerperimental  valuc 0: the  e f f e c t i v e  height of absorption i n  

oxygen, brourht up ahove. The corrected r e s u l t s  are co:n,iled i n  Table 1. 

T,h (90') =1.5' K 

The values  of t o t a l  absorytion i n  the d i r e c t i o n  of the  zeni th  i n  
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111 w3er to ob ta in  a complete re?fesentntion Q €  radiowave g-bsrzrp- 

t i o n  i n  t h e  decimeter band, i nves t iga t ion  of zbsorption was conducted in 
t h e  8, 9 ,  10, 11, 12, 13, 14, 15, 16.1, 21, 25.7 c m  -davelengths. The measu- 

rements were conducted with a parabol ic  antenna of 4 m in diameter i n  night-  

time and i n  clear weather. A band change-over rzdiometer, with a s e n s i t i v i -  

t y  o f  about l 0 K  at time constant oi m e  second w a s  used a6 a receiver. 
The antenna was calLbrated by t h e  radioemission of  a h i l l  s i t u a t e d  i n  the  

antenna's Fraunhofer zone, which i n  these wavelengths c o n s t i t u t i n g  an abso- 

l u t e l y  absorbinr  Sody. The method of measurements w a s  e n t i r e l y  analogous 

t o  t h rk  earlier applied i n  [ 3 ,  101. 
Lt a i r  t e q e r a t u r e  of 2OoC the  temperature of atmosphere radioemis- 

s ion  i n  8 - 25 crn was found t o  be equal t o  3.5' H. The computed values  of 

t o t a l  absorpt ion and of the  absorption c o e f f i c i e n t  are compiled i n  Table 2, 

t he  p rec i s ion  in the determination of  a+, H c o n s t i t u t i n g  t 10%. 

T A B L E  1 

0,058 
0,058 
0,063 
0,051 
0,063 
0,056 
0,058 
0,063 

- 
=a. 

8 6 / 1 ~ ~  

0,0145 
0,0145 
0,0155 
0,oizB 
0,0155 
0,0137 
O,Oi45 
0,0155 

8 
9 

10 
11 
12 
13 

T A B L E  2 

0,057 0,0142 I 

0,054 0,01.% 
0,058 o,oi45 
0,055 0,0137 
0,054 0,0135 

. *  

* The resu l t s  obtained a t  recept ion of Sun's radioemission a t  
var ious  he ich ts ,  which do not  have to  be reduced on account of the v a r i a t i o n  
of H e f f ,  are mwked by t h e  as te r i sk .  

It may be seen frox: Tables 1 and 2 t h a t  the t o t a l  absorption i n  
oxypen i n  the d i r e c t i o n  of the  zeni th  x o H  is d i s t r i b u t e d  uniformly by 

the  b m d  from 3.2 cn t o  60 cm and has the most >robable value 16 H = 0.057 db. 
Inssnuch as the experimental values  of % E  do not have p e c u l i a r i t i e s  

i n  t k e  centimeter and decimeter waves, i t  may be reasonably assurxd t h a t  the  

ef:ective height  t o o  is constant d o r y  the band and equal  t o  H , f f = 4  kn. 
The t h e o r e t i c a l  considernt ions developed below also speak i n  favor of t h i s  

las t  circumst'mce. 

This  allows t o  determine the absorption c,*-* '- 'icFcnt i n  o:qEen on 
the  b a s i s  of radioastronomicnl Zeasurements ,and t o  f i n d  the shape of t h e  
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absorption l i n e  i n  t h e  band considered, which, as may be seen from Table 1 
and Table 2 ,  also offers a uniform distribution. 

Let  us now pause a t  some questions of theory,  

A mechaism of nonresonance absorption of emission by molecular 

oxygen is proposed i n  [43, which is based upon the  i n t e r a c t i o n  of c o l l i d i n g  

pmame,petic molecules. A t  c o l l i s i o n s  of oxygen molecules with a soin s = 1, 
the re  arises a s t r o n g  spiil-spin i n t e r a c t i o n  l ead ing  t o  s h i f t  and widening of 
the  l eve l s .  

The  so lu t ion  of the problem is performed by the per turba t ion  theory 

metkod. However, when considering the absorption i n  centimeter and decimeter 

bands, s t r o n g  i n t e r a c t i o n s  have t o  be taken i n t o  account, 

Ye s h a l l  also describe %he co l l id ing  molecules by dens i ty  two-Tart 

mztrix (p=arti t ioned ?) w i t h  i n i t i a l  conditions determined at time of c o l l i s i o n  

to by the  dens i ty  m a t r i x  of the system s i t u a t e d  i n  a ther3odynmic ecui.3-i- 

br i im : 

(9) p(&) = c C H ( t & T ,  c = spe-H(te)lhT1 

After c o l l i s i o n  the dens i ty  m a t r i x  V : Y %  :.icn € 2  t i n e  is &scribed 

by the equation of not ion i n  the matrix form : 

Id 

T h e  t o t a l  H i m i l t o n i a n  of t he  system is [3J 

i n t e r a c t i o n  enerm of the r?.i.polc w i t h  the  ex te rna l  

B == - I [ (L ,  4 + i Z Y j )  (ZXi - i I * J + ( L i  + iZ*l) (ZXJ-- i Z y t ) ] ( l  - 3 c O ~ i ) ) .  t 15) 
r i -  i r ic  fr, 1  in^ 'e .",, tiox acioqtcd i n  forxt iks  (1;) - (15) : 

do is t!,e cas-kinet ic  c ros sec t ion :  I, is the pro jec t ion  of the  spin Ii ; 

p = yhZ is the  dipole  magnetic moment ; 4 is the angle between the a x i s  z 
2nd r ij 
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The term VA and YB arc  r e s p a s i b h e  f o r  &he ;spir?-sph relaxatialr 

i n  the  dipole-dipole i n t e r a c t i o n .  

The energy v a r i a t i o n  of one nolecule during the time tott ,  is 

~=E*(pi i ! l+Piru)+~z(pPn+pzlz*) - -El (p; ir i -p~)- -Ez(~+pz0m).  ( 16) 

where Si are t he  proper nnmbers of the Hamiltonian 

s o l u t i o n s  of  the equation (10). 
b w n w  we the  

If  we assuc18 t h a t  t h e  last c o l l i s i o n  took place i n  the  i n t e r v a l  

from t - 8 to t - 0  - de with a p robzb i l i t y  e*hZO/r, where e is the 

mean t ine between two collisions, the mean molecule e n e r q  v a r i a t i o n  i a  

The so lu t ion  of the system (10) and t he  computation of t he  i n t e g r a l  

(17) were conducted with the he lp  of a computer; t he  r e s u l t  of the  cdcula-  
t i o n  f o r  Z = loo9 sec  is p l o t t e d  in t h e  f i p r e ,  where the  experimentally 

obtained points from gables-1 and 2 are represented also, For corngarison 
we f fgured  there  a lso  the  dashed curve cha rac t e r i z ing  the  absorption cornputed 
by the  Van Vlec': theory ( AV/ c = 0.02 cm'l) . 

It may be seen froin the Graph t h a t  t he  theory a_grees s a t i s f a c t o r i l y  

w i t h  the  experimental data. 

For t he  c d c u l a t i o n  of the absorption c o e f f i c i e n t  i n  the re- ion of 

high frequencies  we  nay u t i l i z e  the a n a l y t i c a l  expression brought out in[43r 
according t o  which t h e  frequency dependence of t he  absorption is determined 

by t h e  f a c t o r  
../.e 
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a 
( o h )  I-@=+ L T  lm-o]  ],/[(0!;-~)~+(1/r~)J (18) 

(@,a is the  frequency corresponding t o  the center  of the  absorption l i n e )  

and t h e  dependence on pressure and  temperature has the form 

P / 3“!=. (19) 

Assuming for p and T a dependence on h e i a t  charac te r ick ic  for 
the  s tandard atmosphere, i. e., Heff = 4kn, if h < 15 h. A s  mzy be seen 
from the  experiment’s data, the value of the e f f e c t i v e  height  a lso  agrees  

well with the theory. 

The zuthor a v a i l s  himself of the opportunity t o  express h i8  g r a t i -  

tude to W . I .  Lobasfiev f o r  performing the celculat ions.  
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